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@ A pharmaceutical composition. ^ 

(g) The invention relates to an ordered mixture of particles of a 
water-soluble, pharmaceutical carrier substance and smaller 
particles of at least one pharmaceuticafly active substance 
which adhere to the carrier particles. In accordance with the 
invention a pharmaceutical disintegrant is incorporated in the 
carrier particles. 

The invention also relates to pharmaceutical preparations 
which include one such ordered mixture, and also to a method 
of producing such preparations and to the use of the ordered 
mixtures in such preparations. 
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D script) n 

A pharmaceutical 

The present invention relates generally to the field 
of drug formulation, and more specifically, but not 
exclusively, to ordered solid mixtures of particulate 5 
pharmaceutical carrier substances and smaller par- 
ticles of at least one pharmaceutically active sub- 
stance or agent, said small particles adhering to the 
carrier substance particles. The invention also 
relates to pharmaceutical preparations produced 10 
from the ordered mixtures and to a method for 
producing such preparations. Furthermore, the 
invention also relates to the use of the ordered 
mixtures for the preparation of said pharmaceutical 
preparations. 15 

It is known that ordered mixtures of a relatively 
coarse particulate, water-soluble, pharmaceutically 
acceptable carrier substance and smaller particles 
of at least one pharmaceutically active substance 
can be produced by means of a dry mixing process, 20 
in which the smaller particles adhere or bind to the 
surfaces of the larger carrier particles (C. Nystrom et 
at, J. Pharm. Pharmacol. 38, pages 161-165, (1986); 
M. Westerberg et al, International Journal of Pharma- 
ceutics, 28, pages 23-31, (1986). Because of their 25 
small particle size, the therpeirhcally active substan- 
ces will normally form agglomerates which render 
the formulations not-readfly soluble in water. In the 
case of formulations produced by the aforesaid dry 
mixing processes, however, the active substance(s) 30 
is (are) distributed uniformly over the surfaces of 
readily dissolvable carrier particles, therewith enab- 
ling the therapeutically active substances to dissolve 
more quickly. Consequently, the active substances 
will dissolve more rapidly when administered and 35 
consequently act more quickly, in a highly advant- 
ageous manner. 

These mixtures, however, have a significant 
limitation. When an attempt is made to increase the 
amount of pharmaceuticaJIy active substance con- 40 
tained by the mixture, it is found that the speed at 
which the formulations dissolve will decrease rapidly 
when a certain proportion is exceeded, therewith 
losing all of the advantages earlier afforded. This 
phenomenon creates a serious drawback when 45 
desiring to administer pharmaceutical preparations 
which contain high proportions of active sub- 
stance^). 

The so-called surface area ratio, R Sl constitutes a 
measurement of the quantity of particulate therapeu- 50 
tically active agent which will adhere to the surfaces 
of the larger carrier particles. Rs is defined as the 
ratio of the projected surface of the adherent 
particles to the total external surface area of the 
carrier particles. A more detailed description of how 55 
this surface area ratio is determined is given by C. 
Nystrom, J. Mazur and J. Sjogren in International 
Journal of Pharmaceutics. 10: pages 209-218 (1982). 
It is found that the dissolution rate decreases 
markedly at an Rs-value as low as about 0.5 and that 60 
at values approaching or exceeding Rs = 1, the 
dissolution rate has decreased to such an extent 
that none of the aforesaid advantages are attained. 



compositi n 

This is assumed to be becaus at higher Rs-vaiues 
the adherent particles form on the surface of th 
carrier particles a layer which prevents rapid pene- 
tration of the water phase to the underlying carrier 
substance and subsequent instantaneous dissolu- 
tion thereof. These circumstances represent a 
return to the earlier circumstances in which the 
particles of therapeutically active substance(s) bake 
together to form agglomerates, in the absence of a 
carrier. 

These disadvantages are eliminated by the pres- 
ent invention, with which there is obtained an 
ordered mixture in accordance with the aforegoing 
which will dissolve rapidly in water, despite contain- 
ing high proportions of adherent particles of thera- 
peutically active substance(s) and consequently 
having a high Rs-value. 

This effect is achieved In accordance with the 
invention, in that the carrier substance particles have 
a pharmaceutical disintegrant (or "explosive") em- 
bodied therein. This disintegrant is effective in 
causing the carrier particles to disintegrate and 
dissolve rapidly when coming into contact with 
water, so as to release the individual, mutually 
discrete primary particles of active substances. 

In the accompanying drawings, Figure 1 is a 
diagram which illustrates the dependency of the 
dissolution rate on the various values of the surface 
area ratio. Figure 2 illustrates a comparison made 
between the dissolution rates of earlier known % 
mixtures and those of mixtures according to the 
present invention. Figure 3 shows the result of a 
further comparison test and is illustrative of the 
significance of the nature of the carrier. 

The carrier particles will suitably contain up to 
250/0 by weight disintegrant, preferably up to 100/6 by 
weight In practice, contents below 1<Vb by weight 
have been found to give an excessively low effect 
and an optimum content would appear to be from 
about 5 to 100/6 percent 

A suitable carrier particle size is from 50 to 1000 
microns, and then preferably from 100 to 500 
microns. Although particle sizes which lie outside 
the widest range can also be used, practical 
difficulties are experienced when formulating phar- 
maceutical preparations from particles having such 
sizes. 

The carrier substance used may be any substance 
which is acceptable pharmaceutically and which is 
highly soluble in water and can be formed into 
particles which embody or incorporate a disinte- 
"grant. A number of such substances are known to 
the person skilled in this art, of which carbohydrates, 
such as mannitol and lactose, or pharmaceuticaJIy 
acceptable inorganic salts, such as sodium chloride, 
can be mentioned as examples. In accordance with 
one particularly preferred embodiment of the inven- 
tion, the carrier substances comprises a fragmentiz- 
ing material. By a fragmentizing material is meant a 
material which is readily crushed or broken up when 
a pharmaceutical composition is compacted into 
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^tablets; so as to expose further surfaces. The 
aforesaid mannitol and lactose have been found 
particularly suitable in this respect. 

As will be evident from Figure 3, the use of a 
fragmentizing material as a carrier substance has 
been found particularly necessary when the rder d 
mixture includes a lubricant. 

The pharmaceutical disintegrant may compris 
any substance which is known for this purpose by 
those skilled in this art. Particularly effective agents 
in this respect are those which swell drastically in 
water, through hydratization, and thus exhibit an 
increase in volume of up to 10-20 times their dry 
volume. Examples of such agents are cellulose and 
starch derivatives in the form of water-insoluble, 
cross-linked polymers which swell markedly in 
water. Derivatives of polyvinylpyrrolidone are other 
examples of such agents. One particularly suitable 
disintegrant for use in accordance with the present 
invention is a modified cellulose gum which is highly 
swellable in water and which is retailed under the 
trade name Ac-Di-Sol® by FMC Corporation, USA. 
Other types of disintegrant can also be used, and the 
person skilled in this art will have no trouble in 
choosing a suitable agent for the purpose intended. 

The disintegrant can be embodied in the carrier 
particles in various ways. For example, the finely 
divided carrier can be granulated together with finely 
divided disintegrant in a liquid which will not dissolve 
the disintegrant or cause it to swell. In this case, the 
dry constituents are first mixed together and the 
resultant mix is then moistened with a liquid, such as 
absolute ethanol, which will not dissolve the sub- 
stances present or cause swelling. The mass is then 
granulated, for instance by pressing the moist mass 
through a filter cloth and then drying and grinding 
the mass. Alternatively, the moist mass can be dried 
immediately and then granulated. Another way is to 
dissolve the carrier substance in a solvent which will 
not dissolve the disintegrant or cause it to swell, and 
then to add the disintegrant to the solution. The 
mixture is then evaporated and the dry residue 
subsequently granulated. Other methods are also 
conceivable to the person skilled in the art. Irrespec- 
tive of the method applied, a suitable grain size 
fraction of carrier with disintegrant shall be prepared 
in a final stage, e.g. by passing the granulate through 
an appropriate screen or sieve. 

Examples of different kinds of active substance 
which have been found useable in accordance with 
the invention include benzodiazepines, ergotamine 
tartrate, isosorbide dinitrate and griseofuMn. This 
list of active substances is by no means complete, 
however, since there can be used any agent which 
can be finely divided and caused to adhere in finely 
divided form to the surfaces of the carrier particles. 
The advantages afforded by the invention are 
achieved primarily with the use of active substances 
which are not dissolved readily in water and with 
which the degree of solubility can be varied in 
dependence on the active substance used. It will be 
understood that the degree of solubility of the active 
substances places no limitation on the scope of the 
inv ntion. 

Several mutually different pharmaceutically active 



sub stances can be applied simultaneously to 
(mutually) the same carrier particles. 

The pharmaceutically active substances present 
in the preparations will suitably have a maximum 

5 particl siz of about 24 microns, preferably not 
greater than about 10 microns. 

The active substances are caused to adhere to the 
carrier particles by dry mixing th ingredients 
together over a sufficiently long period of time. This 

10 time period can vary and when mixing the ingre- 
dients on a laboratory scale can be of the order of 
from 10 to 100 hours, depending $peciflcaJly on the 
substances used and the details of the mixing 
process applied. When mixing is effected on a larger 

15 scale, and then particularly on an industrial scale, the 
requisite mixing time will be much shorter, normally 
in the order of from 10 to 60 minutes. One of normal 
skill in this art will have no difficulty in determining a 
suitable mixing time for a given combination of active 

20 substances and carrier on the basis of simple 
routine experiments. 

In accordance with one preferred embodiment of 
the invention it has been found suitable when mixing 
the active substance and carrier particles together, 

25 to add also a proportion of pure carrier particles 
whose particle size is of the same order as that of 
the active substance. This will further enhance the 
subsequent dissolution of the substance in water. 
This proportion of pure, finely divided carrieF added 

30 during the mixing process may equal 100<Vb by 
weight of the amount of active substance present, 
and is suitably about 40% by weight. This additional 
carrier may comprise the same substance as that of 
the carrier which embodies the disintegrant, or may 

35 comprise another pharmaceutically acceptable car- 
rier substance. 

The value obtained with the surface area ratio 
defined in the aforegoing is significant with respect 
to the amount of pharmaceutically active substance 

40 which shall adhere to the surfaces of the carrier 
particles. In the case of the inventive preparations, 
the surface area ratio will preferably not be greater 
than about 0.5. A ratio of this value will afford 
significant improvements with respect to dissolution 

45 rate in comparison with similar preparations which 
have the same surface area ratio, but with which the 
carrier particles lack the inclusion of a disintegrant 
Improvements on preparations which lack the 
inclusion of a disintegrant in the carrier particles, but 

SO which are similar in other respects, will also be 
achieved at higher surface area ratio values. The 
improvements achieved in this latter case* however, 
are not so pronounced in the former case and are 
therefore of less practical importance. 

55 The ordered mixtures prepared in accordance 
with the invention can be incorporated in various 
kinds of pharmaceutical preparations. Such prepara- 
tions are preferably intended for enteral administra- 
tion, primarily orally. The preparations will then, for 

60 instance, be in the form of tables, capsules, powders 
or granulates, or in the form of suppositories for 
rectal administration. It is also possible to use the 
ordered mixtures of the present invention in certain 
preparations or medica materia intended for external 

$5 application, such as ointments or creams. Irr spec- 
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tive of the form given to the preparation, it is 
important that the preparation is essentially fre 
from wat r, since the presence of water would result 
inpr matur dissolution of the active substance. 

The pharmaceutical preparations can b c m- 
posed, by combining th inventive ordered mixtures 
with the conventional pharmaceutical additives and 
exci pients normally used in the desired forms of the 
preparations, with the aid of known methods 
herefor. Such additions may comprise, for instance, 
additional carriers, preservatives, lubricants, gli- 
dants, disintegrants, flavourants, dyestuffs and like 
substances, and are well known to the person skilled 
in this art. 

It is important in this context to distinguish 
between the earlier known use of pharmaceutical 
disintegrants and the use of such substances in 
accordance with the present invention. In accord- 
ance with the known use, the disintegrant shall lie in 
the tablet between the mutually compacted carrier 
particles, active substance particles and particles of 
other substances present and contributes towards 
rapid disintegration of the tablet when the tablet is 
administered or taken. In distinction, the disintegrant 
used in accordance with the present invention is 
embodied within the carrier particles and assists in 
causing the particles to dissolve rapidly. However, 
there is nothing to prevent both of these disintegrant 
functions being utilized in one and the same tablet, 
such that a final tablet composition will include both 
carrier particles which embody a disintegrant there- 
within and which have smaller particles of active 
substance adhering to the surfaces thereof and also 
a further disintegrant which is intended to exercise 
its conventional function. 

The invention is illustrated in more detail in the 
following with reference to non-limiting examples 
and with reference to the accompanying drawings. 

Example 1 

This example illustrates the effect of the surface 
area ratio on the rate of dissolution when using 
carrier particles which do not have a disintegrant 
embodied therein. 

Dry mannitol having a particle size of 250-450 
microns was mixed dry with micronized oxazepam, 
the degree of fineness being such as to obtain an 
external specific surface area of not less than 20000 
cm 2 /g, measured in accordance with a permeatric 
surface method. Surface area ratios of 0.08, 0.57 and 
1.5 were obtained, corresponding to an oxazepam 
addition of OAWo w/w, 20/o w/w and 5°/d w/w 
respectively. The mixing time was about 50 hours. 
Each of the three ordered mixtures thus obtained 
was then divided into three parts. The dissolution 
rate of each of the mixtures having mutually different 
surface area ratio values was then investigated 
directly in accordance with U.S.P. XXI, pages 
1243-1244, the paddle method, at room temperature 
and at a stirring or paddle speed of 100 rpm. 

The two remaining parts of each respective 
mixture were formulated into tablets, by admixing 
the ordered mixture with 5% w/w Avice ®, PH 101 
(trade name for microcrystalline celiulse) and 2% 
w/w Ac-Di-Sol ® (trade name for a modified celiulse 



gum of high water-swellability) over a time period f 
30 minutes, and then compacting the resultant 
mixtures int tablets containing 2 mg oxazepam in 
th case of mixtures having a surface area ratio of 
5 0.08 and 10 mg xazepam in the cas of mixtures 
having surface area ratios of 0.57 and 1 .5 respec- 
tively. The mixtures were compacted at two mutually 
different pressures of 100 MPa and 200 MPa. The 
dissolution rate of these tablets was similarly 

10 investigated in accordance with U.S.P. XXI, the 
paddle method, at room temperature and a stirring 
speed of 100 rpm. 

The results obtained are illustrated by the curves 
presented in Figure 1. These curves show clearly 

15 that in the case of a surface area ratio of 0.08, the 
mixture or tablets dissolved very quickly, at a rate 
which scarcely varied between the ordered mixture 
as such and the tablets produced from this mixture. 
The curves also show that the dissolution rate 

20 decreased marked ly in the case of mixtures having a 
surface area ratio of 0.57, and that a time period of 
about 30 minutes was needed to obtain near 
completion dissolution, as compared with a time 
period of about 2 minutes for the mixtures which had 

25 a surface area ratio of 0.08. The curves also show 
that initially the tablets dissolve more rapidly than the 
mixture alone. 

In the case of a surface area ratio of 1.5, which 
thus corresponds to a carrier particle coating 

30 comprising more than one single particle layer of the 
active substance, the dissolution rate has decreased 
so markedly as to render the mixture unusable in 
practice for the formulation of pharmaceutical 
preparations, which are required to have a rapid 

35 onset. It is evident from the curves that the tablets 
dissolve much more quickly than the ordered 
mixture alone. This is assumed to be because carrier 
particles are fragmented when the mixture is 
compacted into tablet form, such as to expose 

40 uncoated surfaces to the dissolving effect of the 
water present. The non-fragmented particles, on the 
other hand, are covered completely with a coating of 
not-readiiy dissolved active substance, which pre- 
vents the access of water to the soluble carrier. 

45 

Example 2 

This example illustrates the preparation of an 
ordered mixture in accordance with the invention 
and its formaulation into tablets. 

50 A batch of 100 tablets was produced from the 
following compositions: 36.5 g of mannitol and 1.92 
g of Ac-Di-Sol ® were mixed with about 170 ml of 
absolute ethanol. The mixture was dried and forced 
through a sieve of 1 mm mesh width, and the 

55 resultant fraction of particle size between 250 and 
450 microns was mixed with 500 mg of micronized 
oxazepam, which had a specific surface area of not 
less than 20000 cm 2 /g and with 0.1 g of finely ground 
mannitol, over a period of 50 hrs. The amount of 

60 oxazepam included corresponded to a surface area 
ratio of 0.5. This mixture was then admixed with 2.00 
g of Avicel ® PH 101 and 0.78 g of Ac-Di-Sol ®, th 
ingredients being thoroughly mixed together over a 
period f 60 minutes. The mixture was then 

65 compacted into tablets at a compacting pressure of 
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20 MPa, each tablet containing 5 mg of oxazepam. 

The dissolution rate of the tablets thus produced 
was investigated in accordance with U.S.P. XXI, th 
paddle method, at two mutually different stirring 
speeds, 100 and 25 rpm. Tablets produc d in 
accordance with Example 1 above were also 
investigat d, for comparison purposes. Each of 
these latter tablets contained 2 mg of oxazepam and 
exhibited a surface area ratio of 0.08. The tablets had 
been compacted at a pressure of 200 MPa Trie 
results of these investigations are presented in 
Figure 2. It will clearly be seen from this figure that 
the dissolution rate of an ordered mixture according 
to the invention with each tablet containing 5 mg of 
oxazepam and exhibiting a surface area ratio of 0.5 is 
essentially the same as that of the prior known 
tablets each containing 2 mg of oxazepam and 
exhibiting a surface area ratio of 0.08. These results 
were obtained at both of the stirring speeds applied. 

Example 3 

It is known to the art that an addition of an 
hydrophobic lubricant, such as magnesium stearate, 
can have a negative effect on the rate at which a 
tablet will dissolve. It is also known that this negative 
effect will increase with greater quantities of lubri- 
cant and longer admixing times. 

This example illustrates how the addition of a 
lubricant affects the dissolution rate of a tablet which 
contains an ordered mixture. Two types of carrier 
substance were investigated. The substances or 
materials used were mannitol, which will fragmen- 
tize, and sodium chloride, which will not fragmentize. 

Each of the substances mannitol and sodium 
chloride, with a particle size of 250-450 microns, 
were dry mixed with oxazepam, which had an 
external specific surface area of not less than 20000 
cm 2 /g, such as to obtain the surface area ratios of 
0.51 and 0.41, which corresponded to an oxazepam 
addition of 1.3Qfo w/w and 0.58<Vb w/w respectively. 
The dissolution rate of each of the mixtures was then 
investigated in accordance with U.S.P. XXI, the 
paddle method, at room temperature and a stirring 
speed of 100 rpm. 

Tablets were then produced from each of the 
ordered mixtures, by mixing these mixtures with S°/o 
w/w Avicel • PH 101 and 29/0 w/w Ac-Di-Sol • for 30 
mins. The ordered mixture that contained mannitol 
as the carrier substance was divided into two 
parts. 0J2P/0 w/w magnesium stearate was added to 
one part and 1Qfo w/w magnesium stearate to the 
other. 1% w/w magnesium stearate was added to 
the mixture containing sodium chloride. The three 
mixtures were re-mixed for 10 mins. The resultant 
mixtures were compacted into tablet form, each 
containing 2 mg of oxazepam, at a pressure of 200 
MPa. The dissolution rate of these tablets was 
investigated in accordance with U.S.P. XXI, the 
paddle method, at room temperature and a stirring 
speed of 100 rpm. 

The results of these investigations are presented 
in Figure 3. The figure shows that a drug which 
comprises an ordered mixture with mannitol as the 
carrier substance will dissolve very quickly. An 
addition of 02*Vo w/w magnesium prior to compact- 



ing the mixture does not affect the dissolution rate of 
the tablet. This is assumed to be because the carrier 
substance fragmentizes to expose fresh surfaces 
which facilitate access of the solvent to the carrier. 
5 The drug does n t dissolve quite so well when the 
amount of magnesium stearat included is in- 
creased to 1% w/w. This is assumed to be because 
th increase in lubricant has a m re negative 
influence on the dissolution rate, possibly due to a 

10 lesser degree of fragmentization of mannitol. 

A drug which is composed of an ordered mixture 
with sodium chloride as the carrier substance will 
also dissolve quickly. The dissolution rate is impaired 
very considerably, when 1Qib w/w magnesium stear- 

15 ate is added prior to compaction. This is presumed 
to be because sodium chloride is not fragmentized 
during compaction, therewith rendering access of 
the solvent to the carrier difficult. 
The investigation showed that in order to avoid 

20 negative effects on the dissolution rate of a drug, a 
fragmentizing carrier substance should be used 
when a lubricant is added. 

It was also found that when practising the present 
invention a tablet could contain twice as much 

25 pharmaceutical ly active substance as a tablet formu- 
lated in accordance with known techniques, while 
still obtaining an equally rapid dissolution rate, which 
is a requirement for obtaining an equally rapid effect 
of the drug upon administration. Thus, the possibility 

30 of being able to increase the dosage while retaining 
quick release of the drug is highly significant, since 
the majority of pharmaceutical preparations contain 
dosages which exceed the maximum quantity sup- 
plied with known techniques. The important advant- 

35 ages afforded hereby in drug administration will be 
readily perceived. 

In the aforegoing examples, the invention has 
been described primarily with reference to the use of 
a specific combination of carrier and active sub- 

40 stance'. It will be apparent to those skilled In this art, 
however, that the invention is not limited to this 
combination and that «ach other combination of 
carrier and active substance is also possible within 
the scope of the claims. 

45 

Claims 

1. An ordered mixture of particles of a 
50 water-soluble, pharmaceutical ly acceptable 

carrier substance which has adhering thereto 
smaller particles of at least one pharmaceuti- 
cal ly active substance, characterized in that the 
particles of carrier substance have a pharma- 
55 ceutical disintegrant incorporated therein. 

2. An ordered mixture according to Claim 1, 
characterized in that the particles of carrier 
substance contain up to 250/o by weight, and 
preferably up to 100/b by weight of disintegrant. 

GO 3. An ordered mixture according to Claim 1 or 

2, characterized in that the particles of carrier 
substance have a size from 50 to 1000 microns, 
and then preferably from 100 to 500 microns. 
4. An ordered mixtur according to any of 

65 Claims 1 -3, characterized in that the particles of 
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pharmaceutical^ active substance hav a size 
of at most 25 microns and then pr ferably at 
most 10 microns. 

5. An rdered mixture according to any of 
Claims 1-4, characterized in that the carrier 
substance is a substance which will fragmentiz 
heavily when compressed. 

6. An ordered mixture according to any of 
Claims 1-5, characterized in that the carrier 
substance is a water-soluble, pharmaceutical^ 
acceptable carbohydrate or inorganic salt 

7. An ordered mixture according to Claim 6, 
characterized in that the carrier substance is 
mannitol or lactose. 

8. An ordered mixture according to any of 
Claims 1-7, characterized in that the pharma- 
ceutical ly active substance or substances is, or 
are, bound to the carrier particles in an amount 
which corresponds to a surface area ratio of at 
most about 0.5. 

9. An ordered mixture according to any of 
Claims 1-8, characterized in that the carrier 
particles also have adhering thereto small 
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particles of th sam or a different pharmaceuti- 
cal, acceptable carrier substance having a 
particle size in the same order f magnitude as 
the particles of active substanc and in an 
amount of up to 100% by w ight thereof. 

10. A pharmaceutical preparation, charac- 
terized in that it includes an ordered mixture 
according to any one of Claims 1-9, together 
with pharmaceutical^ acceptable additives and 
excipients. 

1 1 . A pharmaceutical preparation according to 
Claim 10, characterized in that it has a substan- 
tially water-free form for internal use. 

12. A method of producing a pharmaceutical 
preparation according to Claim 10 or Claim 11, 
characterized by combining an ordered mixture 
according to any of Claims 1 -9 with pharmaceu- 
tically acceptable additives and excipients. 

13. The use of an ordered mixture according to 
any of Claims 1-9 when producing a pharma- 
ceutical preparation according to Claim 10 or 
Claim 11. 
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